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(54) WET ELECTROPHOTOGRAPHIC APPARATUS 



(57) A wet-type electrophotography apparatus 
using a non-volatile, high-viscosity, high-concentration 
liquid toner as a liquid developer and comprising a pho- 
tooonductive medium 10, a prewetting device 13 for 
applying a film of prewetting solution to the surface of 
the photoconductive medium 10, a developing roller 26 
for feeding the liquid developer to the photoconductive 
medium 10 while making contact with the photoconduc- 
tive medium 10. and causing toner p^des in the liqukJ 
devek)per to adhere to the photoconductive medium 10 
in accordance with a electric field formed between the 
developing roller 26 and the photoconductive medium 
10, so that a toner image formed on the photoconduc- 
tive medium 10 is transferred directly to a printing 
medium, or to a printing media via an intermediate 
transfer medium 1 5 to obtain a printed image; the appa- 
ratus corrprises oil removal means 30 or 20 making 
contact with the formed toner image surface to remove 
the excess prewetting solution and the excess carrier 
solution in the liquid t ner from the toner image surface. 
With this arrangement, the excess prewetting soluti n 
and carrier solution are not caused to brought to tiie 
contact area between tiie photoconductive medium and 
the intermediate transfer medium, so that bcth the solu- 



tions could not accumulate and flow to the medium sur- 
faces, preventing the solutions from disturbing images 
and affecting the heating and fusing of tiie toner layer 
during fixing process. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates generally to a wet-type electrophotography apparatus using a non-volatil , 
high-viscosity, high-concentration liquid toner, and more particularly to a wet-type electrophotography apparatus capa- 
bl of removing excess prewetting solution and excess carrier solution in the developing toner layer before or after they 
are transferred from a photoconductive medium to an intermediate transfer medium, or controlling the amount of the 
toner replenished to the developer. 

10 

BACKGROUND ART 

[0002] As for electrophotography apparatus in which an electrostatic latent image is formed on a photoconductive 
medium (photoconductive drum); a toner is deposited on the charged image; and ttien transfen-ed and thermally fixed 
75 onto a printing medium, such as paper, the dry type using a powder toner has been widely employed. 

[0003] The powder toner, however, tends to t>e scattered and often involves the problem of poor resolution due to 
hs particles sizes as large as 7 ~ 10 |i m. 

[0004] In applications requiring high resolution, therefore, the wet-type using a liquid toner is usually adopted. The 
liquid toner is less subject to distortion in toner images and can achieve high resolution because it contains toner par- 

20 tides as small as 1 )i m and has a large charging capacity. 

[0005] in the conventional wet-type electrophotography apparatus, a low-viscosity liquid toner obtained by mixing 1 
~ 2% of toner in an organic solvent has been commonly used as the developing solution. This type of developing solu- 
tion, however, causes environmental concerns because it contains an organic solvent harmful to the human body and 
requires a large amount of consumption due to low concentration. 

25 [0006] With the conventional wet-type electrophotography apparatus, a solvent that is highly volatile at normal tem- 
peratures has been used as the cannier solution, and the excess carrier has been caused to evaporate in the air during 
th heating and fusing of the toner. That is, the problem of residual carrier solution has been solved without using any 
special carrier renxival equipment. Due to the toxicity and flammability of the solvent used, however, the evaporated 
can-ier has had to be recovered with a large carrier recovery equipment In which It is liquefied for recovery, and the air 

30 containing the unreoovered solvent has had to be discharged outdoors with a dedicated ventilation duct All this has 
resulted in high cost due to limitatbns in the site of installation and the large size of equipment. 
[0007] It was against this t}ackground that a wet-type electrophotography apparatus using a high-viscosity, high- 
concentration developing solution obtained by dispersing a high-concentration toner in silicone oil, ete. was disclosed 
in International Disclosure Number 'W)95/08792." The use of a liquid toner eliminates not only harm to the human 

35 body but also ttie need for large consumption of developing solution due to high toner concentration. 

[0008] The use of a non-volatile, high-viscosity and high-concentration liquid toner involves prewetting treatment 
where silicone oil or other prewetting solution is applied to the photoconductive medium prior to the application of tiie 
liquid toner so as to prevent the high-viscosity toner from being deposited on the unexposed area of an electrostatic 
latent image formed on the photoconductive medium. The prewetting solution layer applied during prewetting treatment 

40 helps prevent the toner from being deposited on the unexposed area on the photoconductive medium, as shewn in 
FIG.3. The prewetting solution is an insulating solution having the same or lower viscosity tiian that of the carrier solu- 
tion of the developer, and should be applied to a film thickness of not less than 4 p. m, or nx>re preferably 8 m ~ 20 ^ 
m, to prevent the toner layer on the developing roller from coming direct contact with the photoconductive medium. 
[0009] According to International Disclosure Number "WO95/08792," the oil used as a prewetting solution should 

45 have a viscosity of 0.5 ~ 5.0 mPa • S and should be a volatile oil in terms of practical use t>ecause a delayed volatiliza- 
tion of the oil remaining on the paper may cause some inconveniences. In other words, it can be said tiiat the process 
is based on the assumption that ttie prewetting agent is volatilized to tiie atmosphere by the heat applied during the fus- 
ing process. 

[0010] This type of process basically involving positive volatilization, however, inevitakily limits the service environ- 
so ment of equipment, or has to have equipment of a hermetically enclosed construction and a device for recovering vol- 
atile matter and liquefying it by cooling, despite the fact that silicone oil itself is a substance that is harmless to human 
beings and environment. 

[001 1 ] The prewetting agent, which is needed for the development process, becomes unnecessary after develop- 
ment. The developing roller comes in contact with tiie photoconductive medium during development and deposits the 
55 toner on tiie image area by applying a voHage on the roller. After development, the toner image on tiie photoconductive 
medium is transferred onto the intermediate transfer medium by the force of electric f i Id. At this time, the prewetting 
solution and the carrier solution are transferred onto the intermediate transfer medium, together the developing 
toner, exerting an influence n the fusion of the toner layer during the fusion process. The toner particles suspending 



2 



t. 



EP0997792A1 



in the prewetting solution are deposited on the background area as a fogged area (depositing of unwanted toner). In 
this way, the prewetting agent of a predetermined thickness is needed at the time of de\^elopment using a dev loping 
roller, txit becomes unnecessary after development. The excess prewetting solution after development reaches an area 
where the photoconductive medium and the intermedia! transfer medium come In contact with each other, and 
5 remains there to disturb the image. Furthermae, as the excess prewetting solution is transfenred to the intermediate 
transfer medium, rt exerts an influence on the fusion off the toner layer during fixing. The excess prewetting agent should 
therefore be removed. 

[001 2] Similarly, a predetermined amount of carrier solution in the developing solution is needed to ensure tfiat the 
deveIop!.ng solution can be supplied to the developing roller in a unifomn thickness, and that the toner can be deposited 

10 from the developing roller on the image area on the photoconductive medium, but it becomes unnec^sary after devel- 
opment. The liquid toner in the liquid developing system can be divided into the solids content and the liquid content. 
The solids content comprises a thermoplastic resin and pigments, while the liquid content, called the carrier, or carrier 
solution, includes additives that determine the developing performance and shell statMlity. The canrler has an important 
role of transporting fine particles (solids content) of a size about 1/1 0 of the dry-type de^etopment with good dispersion 

IS performance throughout the process ranging from development through transfer. The carrier that has outlived its use- 
fulness and remains unrenxived up to the next fusion and transfer process could induce imperfect transfer or insufficient 
fixing. The excess earner must therefore be removed in some way or other prior to fusion and transfer. Furthermore, the 
toner particles suspending in the prewetting solution must be removed since they could cause fogging. 
[0013] Imparting recyclability to this type of non-volatile, high-viscosity and high-concentration liquid toner would 

20 lead to greater convenience. In general, the dry-type electrophotography apparatus using powder toner is not based on 
the use of recyclable powder toner because powder toner can hardly be diluted. In the dry-type electrophotography 
apparatus, the toner is supplied to the photoconductive medium by supplying the powder toner to the developing roller 
which is charged by friction with a blade, and the powder toner is replenished to the portion of the devek)ping roller 
wfiich Is transferred to the photoconductive medium. 

25 [001 4] With the wet-type electrophotography apparatus using liquid toner, on the other hand, the recycling of liquid 
toner is commonly practiced because the liquid toner can be diluted. 

[0015] In the wet-type electrophotography apparatus using a low-viscosity liquid toner ot>tained by mixing 1 ~ 2% 
of toner with organic solvent, the concept of recycling organic solvent can be applied, but the concept of recycling liquid 
toner itself does not hold. Judging from the fact that the liquid toner is fed to the apparatus by spraying it in a large 
30 amount to the photoconductive medium due to low toner concentration, the liquid toner itself cannot K>e recovered. Con- 
sequently, even the International Disclosure Number *WO95/08792" does not adopt the concept of recycling liquid 
toner, following the prior art 

[0016] In the case of a high-viscosity, high-concentration liquid toner obtained by dispersing high-concentration 
toner in silicone oil. etc. however, the concept of recycling can be introduced, unlike other types of liquid toner, since it 
35 has entirely different properties from those of liquid toners used in conventk)nal wet-type electrophotography appara- 
tuses. In this case, it is necessary to implement recycling method by taking advantage of the characteristics of the liquid 
toner such as high viscosity and high concentration. 

DISCLOSURE OF THE INVENTION 

40 

[0017] The present invention has been conceived taking into account the aforementioned drcumslances, and it is 
therefore an object of the present invention to provide a new wet-type electrophotography apparatus using a non-vola- 
tile, high-viscosfty and high-concentration liquki toner wherein excess prewetting solution and toner particles suspend- 
ing in the prewetting solution are removed after development, and excess carrier solution in the developing toner layer 
45 is also removed. 

[0018] It is another object of this invention to make it possble to apply the present invention not only to a wet-type 
electrophotography apparatus using a non-volatile, high-viscosity and high-concentration Ikiukl toner but also to a liq- 
ud-developer type eledrophotograpfiy apparatus using a volatile solvent to increase solvent renxTval rate. 
[001 9] It is a further object of the present invention to make it possible to use a non-volatile oil as a prewetting oil in 
50 a wet-type electrophotography apparatus using a non-volatile, high-visoosity and high-concentration liquid toner, and to 
use the same oil as the canrier oil of the lk:|uid toner as the prewetting solution. 

[0020] It is still a further oft>ject of the present invention to provkie a new wet-type elecb'ophotography apparatus 
v4iere ttie heat applied to the intermediate transfer medium does not affect tiie photoconductive medium, ttiereby pre- 
venting photosensitive properties from deteriorating. 
55 [0021 ] It is still a further object of the present invention to make it possible to easily recycle recovered toner merely 
by adjusting the concentration of the toner solUs content, eliminating ttte need for separating the prewetting oil from the 
recovered liquid toner. 

[0022] It is still a further object of the pres nt inv ntion to provkie a new wet-type electrophotography apparatus 
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using a non-volatile, high-viscosity and high-concentration liquid toner and having a liquid toner recycling function. 
[0023] In accordance with the present invention, there is provided a wet-type electrophotography apparatus using 
a non-volatile, high-viscosity and high-concentration liquid toner as a liquid developing solution and comprising a pho- 
toconductive medium 1 0 for forming an electrostatic latent image, a prewetting device 1 3 for applying a prewetting solu- 

5 tion film on the surface of the photoconducb've medium 1 0, and a developing roller 26 for supplying the liquid developing 
solution while making contact with the photoconductive medium 10 and causing toner particles of the liquid developing 
solution to deposit onto the photoconductive medium 10 so as to obtain an image by transferring a toner image formed 
on the photoconductive medium 10 directly onto a printing medium or onto a printing medium via an intermediate trans- 
fer nrtedlum 15; the wet-type electrophotography apparatus having an oil removal mechanism 30 or 20 that comes in 

10 contact with the surface of the formed toner image to remove the oil comprising the excess prewetting solution and the 
excess liquid toner carrier solution from the formed toner image. Hie present invention can remove the excess prewet- 
ting solution and the excess carrier solution in the developing toner layer, and therefore the excess prewetting and car- 
rier solutions are not caused to be brought to the contact portion between the photoconductive medium and the 
intermediate transfer medium, to build up there and flow to tiie surfaces of the media. As a result, the image can be pre- 

IS vented from being disturbed. The excess prewetting or carrier solution can be prevented from adversely affecting the 
heating and fusion of the toner layer during fixing. By removing the excess prewetting solution, the toner particles sus- 
pending therein that may cause logging can also be renrxyved. 

[0024] The present invention can implement a carrier removal nnethod where excess carrier can be directly recov- 
ered in a liquid-developer type electrophotography apparatus. As a result a liquid-developer type electrophotography 
20 apparatus using a non-volatile solvent or solution that eliminates the need for a big carrier recovery device for liquefying 
the evaporated carrier for recovery or an outdoor exhauster can be realized. Solvent removal rate can be increased 
even in a liquid-developer type electrophotography apparatus using not only a non-volatile, high-viscosity and high-con- 
centration liquid toner but also a volatile liquid. 

[0025] Furthermore, the present invention can safely recover prewetting solution without the need for limiting the 
2S service environment of the equipment, or a mechanism of a hermetically sealed construction for collecting, cooling and 
liquefying volatile components for recovery by using a non-volatile solution as the prewetting solution in a wet-type elec- 
trophotography apparatus using a non-volatile, high-viscosrty and high-concentration liquid toner as the liquid devel- 
oper. 

[0026] The present Invention where the same type of insulating liquid as the liquid toner carrier solution is used as 
30 the prewetting solution can easily recycle the liquid toner merely by adjusting the concentration of the toner solid com- 
ponent eliminating the need for separating a prewetting oil from the liquid toner. 

[0027] The present invention using an intermediate transfer belt as the intermediate transfer medium and a cooling 
means for cooling the toner image after fusion arxJ transfer at a location immediately before bringing the intermediate 
transfer belt into contact witii the photocorxJuctive medium makes it possible to prevent the heating of the intermediate 
3S transfer medium (belt) from affecting the photoconductive medium, thereby preventing the photosensitive properties of 
the photoconductive medium from deteriorating. 

[0028] The present invention can achieve results of high image density and good printing quality by using a high- 
viscosity prewetting solution. 

[0029] The present invention can provide a new wet-lype electrophotography apparatus having a liquid toner recy- 
40 ding function when the apparatus uses a non-volatile, hig^-viscosity and high-concentration liquid toner by provkiing a 
recovery means for recovering the Ik^uid developing solution remaining on the suriace of the developing roller as a Ik^uid 
toner of a diluted concentration, and a recycling means for recycling the recovered liquid toner of a diluted concentration 
into a Ik^uid toner having a predetermined concerrtration by mixing the recovered Ik^uid toner of a diluted concentration 
witii a high-concentration liquid toner having toner particles dispersed at a concentration higher than the predetermined 
45 concentration. 

[0030] The present invention can know the consumption of toner particles and determine the amount of replenish- 
ment of toner particles without directly detecting the toner concentration by provkJing means for calculating printing duty 
t>ased on printing data, and calculating the consumption of Ikiukj toner t>ased on the calculated printing duty and devel- 
opment efficiency. Witii this arrangement, the present invention can provkie stable images wittiout causing chsmges in 
so the toner concentration in tiie toner reservoir at every printing operation. 

BRIEF DESCRIPTION OF DRAWINGS 

[0031] 

55 

FIG. 1 is a general view of a wet-type electrophotography apparatus embodying the present inventi n. 
FIG. 2 is a diagram of assistance in explaining ttie operation of the applk^ator roll r and ttie developing roller. 
FIG. 3 Is a diagram of assistance in explaining tfie operation of the prewetting layer applied during prewetting treat- 
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ment 

FIG. 4 is a diagram of assistance in explaining the state of the toner layer on the photoconductive medium after 
development. 

FIG. 5 is a dagram illustrating the construction off an oil removal mechanism provided on the photooonductive 
5 medium. 

FIG. 6 is a diagram illustrating the construction of an oil removal mechanism provided on the intermediate transfer 
medium. 

FIG. 7 is a dia^am illustrating the construction of an oil removal roller. 

FIG. 8 shows the construction of a removal roller and related equipment for removing excess oil in the developing 
10 toner on the intermediate transfer medum or the photoconductive medium. 

FIG. 9 shows another example of the construction of a removal roller and related equipment for removing excess 
oil in the developing toner on the intermediate transfer medium or the photoconductive medium. 
FIG. 10 shows an example of a wiper blade cleaning mechanism. 

FIG. 1 1 shows an exanple of the construction of an intermediate transfer medium constituting a wet-type electro- 
15 photography apparatus. 

FIG. 12 shows another example of the construction of an intermediate transfer medium constituting a wet-type 
electrophotography apparatus. 

FIG. 13 shows a construction for recovering and recycling developing solution. 

FIG. 14 is a diagram of assistance In explaining the mixing of recovered diluted toner with high-concentration toner. 
20 FIG. 15 is a schematic diagram of a means for determining the amount of replenishment of toner. 
FIG. 16 is a flow chart for explaining printing operation. 

FIG. 17 is a general view of another example of a wet-type electrophotography apparatus emtxxlying the present 
invention that is different from FIG. 1 . 

FIG. 18 is a conceptual diagram illustrating changes in the state of the toner layer on the intermediate transfer 
25 medium (IMR), arxl the condition of oil removal. 

FIG. 19 is a diagram of assistance in explaining the principle of toner development in wet-type electrophotography 
through preliminary experiments. 

FIG. 20 is a diagram of assistance in explaining the high-speed migration of toner particles in a hi^-viscosity solu- 
tion. 

30 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0032] In the following, the present invention will be described in more detail in accordance with the best mode of 
operation. The present invention uses a non-volatile, high-viscosity and high-concentration liquid toner as the liquid 
35 developing solution. The liquid toner used is a solution obtained t>y dispersing toner particles, such as pigments, in a 

liquid carrier (oil). 

[0033] FIG. 1 shews the general construction of a wet-type electrophotography apparatus embodying the present 
invention. 

[0034] As shown in the figure, the wet-type electrophotography apparatus of the present invention corrprises a pho- 
40 toconductive medium 10. a static charging device 11. an exposure device 12, a prewetting device 13. developing 
devices 1 4, an intermediate transfer medium 1 5, a blade 1 6, a static eliminator 1 7, a heating device 1 8, a pressure roller 
19, and an oil removal mechanism 30 for removing oil on tfie photoconductive medium 10 (or an oil removal mechanism 
20 for removing oil on the intermediate transfer medium 15). 

[0035] The static charging device 1 1 statically charges the photoconductive medium 10 to about 700V. The expo- 
45 sure device 12 exposes the photoconductive medium 10 to a laser li^ having a wavelength of 780nm to form on the 
photoconductive medium 10 a state latent image having a potential of atxxjt 100 V on the exposed area. 
[0036] The prewetting device 1 3 applies a 4 ~ 1 0- ^ m thickness of silicone oil having a viscosity of atXHJt 1 0 ~ 500 
cSt to the surface of the photoconductive medium 10. The prewetting device 13 used here may perform prewetting 
treatment prior to the exposure treatment carried out by the exposure device 1 2 in some cases, or after exposure treat- 
so ment in other cases, in accordance wHh the prewetting agent layer applied in the prewetting treatment, ttie toner can 
be prevented from being deposited on ttie unexposed area of the photoconductive medium, as shown in FIG. 3. In an 
embodiment of the present invention, this prewetting solution is an insulating solution of tiie same type as the liquid 
toner carrier solution, and has a viscosity equal to. or lower than, that of tiie carrier solution. 
[0037] A plurality of the developing devices 14 are provided in one^o-one correspondence witti yel- 
55 lowAnagenta/cyan/black and biased to about 400 V to form a 2 ~ 5 |i m-thick toner layer on the devefoping roller 26 t>y 
thinly spreading and transporting a liquid toner having a toner viscosity f 400 ~ 4000 mPa • s and a carrier viscosity of 
10 - 500 cSt from the ton r reservoir using a series of applicator rollers 27 arxl 28 constituting a developing soluti n 
applicator means, as shown in FIG. 2. The developing roller 26 deposits the ton r on the exposed area (or unexposed 
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area) of the photoconductive medium 1 0 statically charged to about 1 00 V by feeding ttie positively charged toner to the 
photoconductive medium 10 in accordance with the electric field between the developing roller 26 and the photocon- 
ductive medium 10. 

[0038] The intermediate transfer medium 15 is biased to about -800 V, and the toner deposited on the photocon- 

5 ductive medium 10 is transferred on it in accordance with the electric field applied between the intermediate transfer 
medium 15 and the photoconductive medium 10. The yellow toner deposited on the photoconductive medium 10 is first 
transferred onto the intermediate transfer medium 15, and then the magenta, cyan and black toners deposited on tiie 
photoconductive medium 10 are sequentially deposited onto the intermediate transfer medium 1 5. 
[0039] The blade 1 6 renrmves the toner and prewetting solution remaining on the photoconductive medium 1 0. The 

10 static eliminator 17 eliminates the charge on the photoconductive medium 10. The heating device 18 fuses the toner 
deposited on the intermediate transfer medium 15 by heating the surface of the intermediate transfer medium 15. The 
pressure roller 1 9 fixes the toner on the intermediate transfer medium 1 5 fused by the heating device 1 8 onto a printing 
medium. Thus, any printing media other tiian paper can be handled by adopting tiie construction where the toner 
deposited on tiie intermediate transfer medium 1 5 is fused and fixed onto a printing medium wifliout heating tiie printing 

IS medium usir^ the heating device 1 8 and the pressure roller 1 9. 

[0040] In the wet-type electrophotography apparatus according to the present invention, an oil removal mechanism 
30 is provided on the photoconductive medium 10 before transferring the toner onto the intermediate transfer medium 
1 5, or an oil renwval mechanism 20 is provided at a location in front of the heating device 1 8 on the intermediate trans- 
fer medium 15 after transfer, so as to remove excess oil, as will be described later. The term "oil" is used in this Sped- 

20 fication where an oil may include botti the prewetting solution and the liquid tone carrier solution. The method of 
transferring toner deposited on the photoconductive medium 1 0 to the intermediate transfer medium 15 and fusing and 
fixing the toner onto the printing medium by heating the intermediate transfer medium 15 has been widely used in han- 
dling cotor images owing to its advantage tiiat passing the printing medium on the intermediate transfer medium 1 5 only 
nee will suffice for the purpose. Although the present Specification deals with an embodiment having an intermediate 

25 transfer medium 1 5, the present invention is not limited to this, but may also be applied to methods of transferring the 
toner deposited on tiie photoconductive medium 10 directly on the printing medium without using tiie intermediate 
transfer medium 15. 

[0041 ] Where a liquid toner having a viscosity as high as 400 ~ 4000 mPa - s is used as the developing solution, as 
in the case of the present invention, a silicone oil having a viscosity equal to, or lower than, that of a silicone oil used as 
30 the liquid toner is applied to the surface of the photoconductive medium 1 0 as the prewetting layer to give release prop- 
erties in advance, with the developing roller 26 caused to make contact with the photoconductive medium 10 at such a 
contact pressure as not to destroy the prewetting layer, to prevent the toner from being deposited on the unexposed 
area of the photoconductive medium 10. as noted eariier. 

[0042] This requires the developing device 14 to have such a construction tfiat the amount of liquid toner and 

35 prewetting solution carried along with tiie revolution of the photoconductive drum 10 and the developing roller 26 should 
be passed through the contact portion between the photoconductive drum 10 and the developing roller 26. In addition, 
the hardness of the devek)ping roller 26 should not be too high, more preferably not more than 60 degrees in terms of 
JIS-A hardness. The lower the hardness of the developing roller 26, the more the passable amount of liquid toner and 
prewetting solution increases. In this respect, it is desirable to use a sponge-like material. 

40 [0043] In the meantime, it is desirable to keep the outer dimension accuracy and wobbling accuracy of the develop- 
ing roller 26 as high as possible because the pressure exerted onto tiie liquid layer can be kept constant. With the devel- 
oping roller 26 of a lower hardness, it become difficult to improve machining accuracy It is therefore necessary to strike 
a balance t)etween the hardness and the outer dimension accuracy of the devek)ping roller 26. 
[0044] The higher the revolution of the developing roller 26, the more the amount of lk|uid p^ing on tiie devek)p- 

45 ing roDer 26 increases, thereby relieving the pressure conditions, increasing the revolution of the devek)ping roller 26. 
however, has its own limitations because it reduces the time in which electric f ieki is applied to the liquid toner, leading 
to a shortage in the time required to move tiie toner. The larger the diameter of tiie developing roller 26 the nrx>re tiie 
amount of liquid passing on the roller increases, relieving the pressure conditions. Increasing the diameter of the devel- 
oping roller 26 has its own limitations because it makes it diffrcult to maintain the outer dimension accuracy. 

50 [0045] FIG. 4 shows the state of the toner layer and the prewetting layer on the photoconductive medum 1 0 after 
development. As described eariier, the developing roller 26 supplies I'quid developing solution on the photoconductive 
medium 10, depositing toner particles in the liquid developing solution on the photoconductive medium 10 in accord- 
ance with tiie electric fieki generated between the devek)ping roller 26 and the photoconductive medium 10. kjeally. 
toner particles shouki be deposited only on the exposed area of the surface of the photoconductive medium 1 0. with no 

55 toner particles deposited on the unexposed area, after development Also ideally, only tiie prewetting solution and tiie 
carrier of the liqukJ developing solution should be present and no toner particles sh uti be on the side far from the sur- 
face of tiie photoconductive medium 10. It is necessary to r move tiie excess prewetting solution and tiie excess can^ier 
solution on the side far from tiie surface of the photoconductive medium. 
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[0046] Healing of the intermediate transfer medium by th heating device 18 is performed only after the yellow 
toner deposited on the photoconductive medium 1 0 has be n first transferred, and then all th magenta, cyan arxJ black 
toners hav been transferred to the intermediate transfer medium. In other words, the toner on th intermediate transfer 
medium 15 is passed on the contact area between the photocorKluctive medium and the intermediate transfer medium 

5 prior to heating. At this tinne. the excess prewetting soluti n and the excess earner solution may cfisturb the image as 
they are brought to the contact area between the photoconductive medium and the intermediate transfer medium, accu- 
mulate there and f bw to the surfaces of the media. Furthermore, after the toner particles have been transferred to the 
intermediate transfer medium 1 5, the excess prewetting solution or carrier solution may adversely affect the heating and 
fusing of the toner layer during the fixing process. By rerTK>ving the excess prewetting solution, ttie toner particles sus- 

10 pending therein that is prone to cause fogging can be removed. 

[0047] FIG. 5 is a cfiagram showing the details of the oil renDoval mechanism 30 provided on the photoconductive 
medium 10. As shown in the figure, the oil renxsval mechanism 30 is provided at a location after development on the 
photoconductive medium 1 0 and before transfer onto the intermediate transfer medium 15 or a medium, such as paper, 
and includes a removal roller 34 that comes in contact wntti the photoconductive medium 1 0 to rotate at the same speed. 

IS With this arrangement, the removal roller 34 coming in contact witti the photoconductive medium 10 can remove the 
excess prewetting solution, the toner particles suspending therein, and the excess carrier solution. 
[0048] The removal roller 34 may have a blade 33 and a liquid reservoir 32 so tiiat the prewetting solution and the 
earner solution removed from the renr)oval roller 34 can be collected for recycling. The removal roller 34 can cause the 
developing toner layer on the surface of the photoconductive medium 10 by applying a bias voltage, which may k>e 400 

20 V, almost the same level as ttie developing bias, or even higher than that. The higher the bias the better its effect is, but 
too high a bias would cause a discharge that may inadvertentiy charge the photoconductive medium or the toner, 
adversely affecting the image. 

[0049] The removal roller 34 may be a roller having a suriace roughness of Rz 5 |ji m, made of an electrically con- 
ductive urettiane witti a hardness of atx>ut JIS-ASO*". for example, as will be described in detail later, referring to FIG. 7 
25 so that the remcvEil roller 34 can be brought into contact with the photoconductive medium wittiout destroying the devel- 
oping toner layer. 

[0050] FIG. 6 sfiows the construction of an oil removal mechanism 20 provided on the intermediate transfer 
medium 15 for removing the excess prewetting solution and ttie excess canrier solution in the developing toner layer. 
[0051 ] As shown in the figure, the oil removal mechanism 20 comprises an oil removal roller 24, which is disposed 
30 at a locatfon in rear of ttie contact area between the photoconductive medium 1 0 and the intermediate transfer medium 
15 and at a location prior to the heating of the intermediate transfer medium 15 by the heating device 18. serving as a 
rotating roller coming In contact with the intermediate transfer medium 15. With this arrangement, the oil removal roller 
24 comes in contact with the intermediate transfer medium 15 at the same peripheral speed to remove the excess 
prewetting solution and the excess carrier solution. TTie oil removal roller 24 may be brought in contact witti ttie inter- 
as mediate transfer medium 1 5 at all times, or only once after all the cofor toners have been transferred. 

[0052] The oil removal roller 24 may have a blade 23 and a liquid reservoir 22 to collect the prewetting solution and 
carrier solution removed by the oil removal roller 24 for recycling. 

[0053] FKBS. 8 and 9 are diagrams of assistance in explaining tiie operation of a removal roller 24 provided on ttie 
intermediate transfer medium or the photocorvJuctive medium, and a wiper blade for collecting the removed prewetting 

40 solution and carrier solution. Before the photoconductive medium 10 comes in contact witti the intermediate transfer 
medium 15, the removal roller 24 makes contact witti the photoconductive medium 10 and after ttie photoconductive 
medium 1 0 has come in contact with ttie intermediate transfer medium 1 5, it makes contact witti the intermediate trans- 
fer medium 15 at a locatfon before the intermediate transfer medium 15 is heated by the heating device 18. With this, 
the removal roller 24 can fetrme the excess carrier solution by making contact with ttie photoconductive medium 10 or 

45 the intermediate transfer medium 15. 

[0054] The renrK>val roller 24 rotates at the same peripheral speed as that of the photoconductive medium or the 
intermediate transfer medium witti which it makes contact causing the prewetting solution and the carrier solutfon to 
^here onto the removal roller 24 for removal. Since a bias voltage is applied to the renrwval roller 24 when renrxsving 
the prewetting solution and the carrier solution, as will be described later, there is no fear of disturbing the image. As 

so the removal roller 24. a resin- or nisber-based material (ebonite such as urettiane rubber and nitnle rubber, or resin 
such as polyacetal. for example) may t>e used to ensure a soft contact wfth the photoconductive medium 10 or the inter- 
mediate transfer medium 15. 

[0055] In place of ttie removal roller 24, a belt connecting at least two rollers may be used to cause the prewetting 
solution and the carrier solution to adhere onto the belt for rental by rotating the belt at the same peripheral speed as 
ss that of the photoconductive medium or the intermediate transfer medium. As the removal belt a resin-based material 
(such as polyettier imide, polyimide, etc.) having good dimensional stability may be used. By causing the belt to make 
contact witti the photoconductive medium or the intermediate transfer medium at a location between ttie rollers inside 
the belt a soft contact witti the photoconductive medium or the intermediate transfer medium can be achieved. In adcfi- 
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tion, there is no fear of disturbing the image since a bias vottage is applied t the rerrxTval belt, as will be descrbed later. 
[0056] A bias voltage is applied to the oil removal mechanism comprising the ren(X)val roller 24 or removal belt to 
allow only the prewetting solution and the canrier solution to migrate to the roller or belt from the photoconductive 
medium or the intermecfiate transfer medium while preventing the toner particles from migrating. A bias voltage of the 

5 range of some hundreds of voHs ~ several kllovDits Is applied to the oil removal mechanism in the same polarity as that 
of the statically charged toner. If the toner is positively charged by applying a voltage of -500 V to the intermecfiate trans- 
fer medium 15, a bias voltage of -100 V ~ -f3 kV is applied to ttie removal roller 24 (botii a positive vottage and -100 V 
are relatively of the same polarity when compared with -500V). To ensure the effective operation of the bias voltage 
applied to the oil removal mechanism, the removal roller 24 or belt should preferably be made of an electrically conduc- 

10 tive material having a resistance of not less than 10® more desirably* appraximatehy 10® » 1(i^ Q to keep the current 
value flowing into the photoconductive medium below 10 |i A. 

[0057] To enable the prewetting solution and the carrier solution and a trace amount of toner adhering to the 
removal roller 24 to be collected for recycling, the removal roller 24 has a wiper blade 23 made of rubber, or resin, or 
edg&H-ounded spring steel, and a liquid reservoir (not shown). 
IS [0058] The wiper blade 23 shown in FIG. 8 can have an edge surface making contact with the removal roller 24 dis- 
posed in tiie direction to bite the roller surface (preferably in the range of 30 ~ 90"" wrtii respect to the direction perpen- 
dicular to the roller surface) in relation to the rotating direction of the removal roller 24. The wiper blade 23 in this 
arrangement shoukJ preferably be made of rut^ber. 

[0059] The wiper blade 23, to ttie contrary, may be disposed in the direction not to bite ttie roller surface (in the 
20 range of 0 90** witti respect to ttie direction perpendicular to ttie roller surfece), as shown in FIG. 9. 

[0060] To completely scrape off a trace amount of toner adhering to the oil removal mechanism comprising the 
removal roller 24 or removal belt, an electrically conductive material (a resin- or rubber-based conductive material hav- 
ing a volume resistance of under 1 0^ U or an edge-rounded spring steel) is used as the wiper blade 23, and a bias vott- 
age Is applied to ttie blade. At ttiis time, ttie bias voltage applied to the blade should be of ttie range of some hundreds 
25 of volts ~ several kikivoHs in the negative polarity witti respect to ttie removal mechanism for the positively charged 
toner, and in ttie positive polarity witti respect to ttie removal mechanism for ttie negatively charged toner. It was con- 
firmed that when a bias voltage of 3 kV is applied to a roller made of uretiiane resin having a resistance of 10® - 10^ Q 
for example. 30 ~ 35% of the carrier solutton ooukJ be removed from the image after primary transfer having a solkls 
content of 30%. 

30 [0061 ] After long hours of service, ttie scraped toner may build up between ttie wiper blade and the removal mech- 
anism, towering ttie toner scraping performance of the blade. To prevent ttiis, a blade cleaning mechanism 25 Is dis- 
posed to dean ttie t^lade. 

[0062] FIG. 1 0 illustrates an example of such a wiper blade cleaning mechanism, (a) in the figure shows the state 
before operation. A wiper blade of a lengtti exceeding tiie overall axial lengtti of ttie roller-type removal mechanism 

35 makes contact witti the removal mechanism in ttie aforementioned positional relationship. Before operation, ttie blade 
cleaning mechanism is in a standby position at an end in ttie lengthwise direction of the roller. 
[0063] FIG. 1 0 (b) shows ttie blade cleaning mechanism in operation. The blade cleaning mechanism 25 enters into 
the gap between the removal roller 24 and the wiper blade 23 and scrapes off the toner accumulated between the 
r moval roller 24 and the wiper blade 23 as it reciprocates in ttie lengthwise direction of the removal roller 24. 

40 [0064] FIG. 7 shows tiie detailed configuration of an example of ttie oil removal mechanism. TTie removal roller 24 
Is an elastic roller having a blade 23, made of urettiane rubber, for example, that makes contact with the renrxival roller 
24 in the direction opposite to the rotating direction of ttie removal roller 24. as shown in ttie figure, to remove the oil 
adhering to the removal roller 24. 

[0065] As ttie removal roller 24, an urethane roller having a haidness of J 1S-A30** provkJed around a stainless steel 
45 core can be used. It was confirmed that about 40% of the oil oouM be removed on ttie photoconductive medium and 
BboiA 30% of the oil on ttie intermediate transfer medium without lowering image quality by causing this roller to make 
soft contact with the photoconductive medium and the intermediate transfer medium. Furthermore, by heating the toner 
image on the intermediate transfer medium and fusing it into a film, the oil entrapped in between toner particles rises to 
the surface of ttie toner image, making it possible to eff icientty renmve the oil. 
50 [0066] The developing toner layer can be aggregated on the surface of tiie photoconductive medium or ttie inter- 
mediate transfer medium by making ttie renrx3vaJ roller 24 electrk^ally conductive and applying a bias of relatively the 
same polarity as ttiat of the toner particles so as not to atb'act tiie toner particles. In this way, only the oil on the photo- 
conductive medium or the intermediate transfer medium can be removed. 

[0067] FIG. 1 1 shows an example of the construction of the intermediate fransfer medium suitable for use togetiier 
55 witti ttie aforementioned oil removal mechanism 20. The roller-type intemiediate transfer medium shown In ttie figure 
has a rigkJ drum made of a metal, such as aluminum, at ttie center ttiereof. This drum has electrical conductivity so ttiat 
vottage can be applied from the shaft, eto. to tiBnsfer the toner image on the photoconductive medium to the interme- 
diate transfer medium by ttie force of static electricity, and a hardness enough to exert pressure necessary to frjse and 
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transfer the ton r on the intermediate transfer medium to a printing medium, such as paper. On the drum provided are 
an elastic lay r having electrical conductivity and heat resistance, and a surface layer having electrical conductivity, 
heat resistance, releas properties, and preferatsly resistance to silicone oil. 

[0068] With this configuration, the heat capacity of the entire assemk^ly and therefore the siqsply of heat can be 
5 reduced, while the surface temperature can be easily increased. Furthermor . reduced heat capacity helps improve the 
cooling performance of the Intermediate transfer medium after the fused toner has been transfen'ed to a printing 
medium, such as paper, eliminating the need for heating the photoconductive medium. 

[0069] The surface layer can be a 10 ~ 50 ^ m-thick electrically conductive, heat-resistartt polyimide film coated 
with fluorosilicone rubber, as shewn in FIG. 12. With this construction, the intermediate transfer medium acts as an 
10 elastic body by resiliency of the electrically conductr/e silicone sponge and f luoro^licone mbber when making contact 
with the photoconductive medium during primary transfer, while the sponge portion of the intermediate transfer medium 
is compressed suff identiy to give full play to the rigidity of the aluminum roller to impart sufficient pressure when making 
contact witti the heat belt or the backup roller. 

[0070] FIG. 1 3 shows an example of collecting developing agent for recycle. The liquid toner utilized by the present 
IS invention is obtained t>y dispersing solid particles (pigments, etc.) in an insulating liquid (carrier solution), and has a vis- 
cosity as high as 1 00 ~ 10000 mPa * s. This liquid toner is applied to a developing roller 26 in a thin layer of 1 - 50 ^ m 
to feed to a developing gap portion as the liquid developer. 

[P071] The liquid developer remaining on the developing roller 26 after passing through the developing gap portion 
is scraped off by a blade 45 and accumulated in a sump 43. The liqukJ devek)per is diluted as solid particles migrate on 

20 the photoconductive medium 1 0, and further diluted as a prewetting oil is mixed with it 

[0072] This diluted liquid developer is sent to the toner resen/oir 44 using a pump. etc. In the toner reservoir 44, a 
high-concentration toner, which will be descn'bed in detail later, is supplied and mixed with the diluted toner to obtain a 
liquid toner having a predetermined concentration. The liquid toner of a predetermined concentration is supplied to the 
developing roller 26 from the toner reservoir 44 while being spread into a thin film by an applicator comprising rollers 27 

25 and 28. With this, the aforementioned developing operation can be carried out 

[0073] FIG. 1 4 is a diagram of assistance in explaining the mixing of the recovered diluted toner and the high-con- 
centration toner in the toner reservoir shown in FIG. 13. 

[0074] Now, assume that a iKiuid toner having a solkls content of 20% is used as the liquid developer in a wet-type 
electrophotography printer, with a carrier solution of the liquki toner consumed at an almost constant rate of 10% and 

30 the consumption of tiie solkis content depending on developing efficiency and printing duty. 

[0075] FIG. 14 (a) shows a Ik^uid toner of a predetermined concentration (20%), with a solids content of 20% and 
a carrier content of 80%. It is known that when such a liquid toner is used as the liquid developer in a wet-type electro- 
photography printer, the image developing efficiency is approximately 70%. At this time, when the printing duty is 
assumed to be 50%. what is equivalent to 70% (devek)ping efficiency) of 50% (printing duty) of tiie 20% solkJs content 

35 is consumed, as shown by a hatched portion in FIG. 14 (b). Thus, 10% of the carrier solirtlon is consumed, as men- 
tioned earlier, while 13% of the 20% solids content is recovered and 7% of the initial amount is consumed. Conse- 
quentiy, the recovered liquid toner is a liquid toner diluted to 16%. as shown in (c) of the figure. 
[0076] When a high-concentration toner of a concentration of 50% is replenished to the toner diluted to 16%. as 
shown in (d). the concentration of the toner in the toner reservoir 44 can be kept at the initial 20% by replenishing the 

40 high-concentration toner of an anwunt equal to less than 20% of the consumed toner. 

[0077] In this way, the amount of high-concentration toner of a known concentration to be replenished to the toner 
reservoir 44 can be ot3tained by knowing printing duty for each color in a printer using a developing device using a 
known solids content for each color toner and a known image developing efficiency, as in the akx)ve example. Instead 
of replenishing a high-concentration toner, as described above, tiie carrier solution and the solids content can be 

45 replenished separately to make up for their respective amounts consumed. Even with this arrangement, the liquki toner 
can be kept at a predetermined concentration. 

[0078] FIG. 1 5 is a schematic diagram of a means for determining the anx)unt of toner replenishment according to 
the present invention. A printing-duty calculating means 46 determines the printing duty by calculating the printing duty 
for each color prior to printing whenever the data from the host is rasterized by the printer, or at the point of time when 

so the bitmap data is received directly. A toner consumption calculating means 47 determines the amount of toner con- 
sumption either in the replenishment of high-concentration toner based on the printing duty for each color and the 
image developing efficiency, or in the separate replenishment of the carrier solution and the solids content. This allows 
the concentration of the toner in the toner reservoir to t>e kept constant without providing in tiie liquid toner container a 
sensor for detecting the concentration of the carrier solution in the liquki toner. 

ss [0079] FIG. 16 is a fbw chart of assistance in explaining the printing operation. In Step Si . the printer receives 
printing data from tiie host. In Step S2. th printing data is rasterized, or arrangement is made to enaJcHe bitmap data to 
be received directiy from the host, as described above. In Step S3, the printing duty for each color is calculated prior to 
printing to calculate the sif)ply of high-concentration toner for each color. Printing is then carried out in Step S4, and 
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the amount of high-concentration toner calculated above is supplied in Step S5. Anrangement can also be made so that 
the amounts consumed of the carrier solution and the solids content can be replenished separately, as described 
above. 

[0080] FIG. 1 7 is a diagram showing the cverall construction of another exanple of a wet-type electrophotography 

5 apparatus that is different from that shown in FIG. 1 . Desaiption of the same parts as those shown in FIG. 1 is omitted 
here. An intermediate transfer belt 54 as the intermediate transfer medium is biased at atx>ut -1500 V to transfer the 
toner particles deposited on the photoconductive medium 10 in accordance with the electric field between the belt 54 
and the photoconductive medium 10. The toner particles for each of four colors are transferred four times from the pho- 
toconductive medum 10 to the intermediate transfer belt 54. The yellow tone particles deposited on the photoconduc- 

10 tive medium 10, for example, is first transferred, and then the magenta, cyan and black ton^ particles a^e sequentially 
transferred from the photoconductive medium 10 to the intermediate transfer belt 54. After that, the toner particles 
transferred onto the intermediate transfer belt 54 are heated, and fused and transferred onto a printing medium, such 
as paper, in a single operation. At this time, a t>ackup roller 1 9 makes contact with a heating roller 55 to exerts pressure 
so that the fused toner particles are fused on a printing medum. such as printing paper. 

75 [0081 1 The intermediate transfer belt 54 connects a plurality off tension rollers 56 and 57. a heating roller 55 having 
a heating mechanism, and a cooling roller 53. Although the intermediate transfer belt 54 can be driven by any roller, ttie 
hearing roller 55, for example, may be equipped with a driving mechanism. The heating roller 55 may comprise an alu- 
minum roller tfiat can be heated by a heat source, such as a halogen lamp provided inside the roller. An oil removal 
roller 24 making contact with the surface of the intermediate transfer belt 54 is provided between the position off the 

20 intermediate transfer belt 54 at which the intermediate transit belt 54 comes in contact with the photoconductive 
medium 10 and the heating roller 55. The oil renrx3val roller 24 is biased at 43 kV. for exampla to remove not only the 
excess canrier solution but also the prewetting solution. 

[0082] An electrically conductive roller 58 making contact with the inside of the intermediate transfer t>eft 54 at a 
location facing the oil removal roller 24 may be provided. By rounding the electrically conductive roller 58, an electric 

25 f i Id Is formed by the oil removal roller 24 only on the contact surface k>etween the oil removal roller 24 and the electri- 
cally conductive roller 58 via the intermediate transfer belt 54, with the result ttiat a boas voltage can be applied to the 
oil removal roller 24 without causing electrical effects on static transfer, fused ti^nsfer and other processes. 
[0083] The intermediate transfer belt 54 is subjected to repeated heating/cooling cycles since the surface of the 
intermediate transfer belt 54 according to the present Invention is heated to ISO^C by a heating mechanism (heating 

30 roller 55), for example, while cooled to 40**C by a cooling device (cooling roller, for example). This arrangement prevents 
th photocorxJuctive medium 1 0 from being affected by the heating of the intermediate transfer medium (belt), the pho- 
tosensitivity thereof from deteriorating. 

[Embodiment 1] 

35 

[0084] Development was candied out by bringing a developing roller coated witii 3.0 gAn^ (about 3 |Ji m in thickness) 
of a liquid developer obtained by dispersing 25 wt% of toner particles comprising a resin and pigments in a 20-cSt sil- 
icone oil (Toray-Dow Corning SH200-20) as a carrier solution in contact with a photoconductive medium coated with 2 
gAn^ (atx>ut 4 |i m in thickness) of a silicone oil (Toray-Dow Corning SH344) having a viscosity of 2.5 cSt as a prewetting 
40 agent, and applying 400 V. The developing roller is a PFA tube-covered sponge roller having a hardness of ASKA C30 
degree specially designed to ensure a soft contact wHh the photoconductive medium. Observation results of image 
areas (exposed areas) and non-image areas (unexposed areas) on the photoconductive medium during development 
are shown in Table 1 bekiw. 



45 

[Table 1] 





Where no oil removal roller was used 


50 






Amount of 
prewetting solu- 
tion 


Amount of carrier 
solution 


Total amount of oil 


Solid content 




Before develop- 
ment 


On developing 
roller 




2.25 g/m^ 


2.25 g/m2 


0.75 g/m^ 


55 




On photoconduc- 
tive medium 


4.2 g/m^ 




4.2g/m2 
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[laUe 1] (continued) 





Where no oil removal roller was used 


5 






Anrx)untof 
presetting solu- 
tion 


Amount of carrier 
solution 


Total amount of oil 


Solid content 


10 


After develop- 
ment 


On developing 
roller (residual 
toner content) 


1.1 g/m^ 


0.9 g/m^ 


2.0 g/m^ 


0.15 g/m^ 




On photoconduc- 
tive medium 
(image areas) 


3.2 g/m^ 


1.3 g/m^ 


4.5g/m2 


0.5g/nn^ 


IS 




On photoconduc- 
tive medium (non- 
image areas) 


2.4g/m2 


0.5g/m2 


2.9g/m2 


0.1g/m2 



[0065] Next, a roller having the same construction as the developing roller was used as an oil renwval roller. After 
20 development, the removal roller was brought in contact with the photoconductive medium while t)eing rotated at the 
same peripheral speed as the photoconductive medium, and a bias voltage of 400 V was applied to the removal roller. 
Observation results of fogging on the non-image areas on the photoconductive medium are shown In Table 2 below. 
[0086] As is evident from the measurement results, the amounts of fog. the prewetting solution and the carrier solu- 
tion were reduced by providing a removal roller at a position after development, The solids content on the norvimage 
2S areas on the photoconductive medium, for example, which was originally to be zero, was reduced to 0.05 g/ m^ in Table 
2 where a renrxival roller was provided, whereas the corresponding value was 0.1 g/ m^ in Tatsle 2 where no removal 
roller was provided. Similarly, the amounts of the prewetting solution and the cam'er solution on the image and non- 
image areas on the photoconductive medium were reduced substantially in the embodiment having a removal roller, 
compared wfth that having no removal roller. 



[Table 2] 



Where a removal roller was provided 






Amount of 
prewetting solu- 
tion 


Amount of carrier 
solution 


Total amount of oil 


Solid content 


Before develop- 
ment 


On developing 
roller 




2.25 g/m^ 


2.25 g/m^ 


0.75 g/m^ 


On photoconduc- 
tive medium 


4.2g/m2 




4.2 g/m^ 




After develop- 
ment 


On photoconduc- 
tive medium 
(image areas) 


1.91 g/m2 


0.59 g/nf 


2.5 g/m? 


0.45 g/m2 


On photoconduc- 
tive medium (non- 
image areas) 


1.38 g/m2 


0.2 g/m^ 


1.58 g/m? 


0.05 g/m2 



50 

[EnrtxxJiment 2| 



[0087] Next, an embodimerrt where a removal roller was provided on an intermediate transfer medium (IMR) will be 
desabed. Using a developing roller coated with 5 gftr^ of the toner layer by applying a lic^id toner having 25 wL% of 
55 toner particles dispersed in a carrier solution, and a photoconductive medium coated witii a 4 |i m in thickness of sili- 
cone oil having a viscosity of 20 cSt as the prewetting solution, development was carried out, and the toner Imag 
ot>tained was transferred onto an intermediate transfer medium, which is an 80 ji m-thick sheet obtained by applying 
electrically conductiv PFA to an electrically conductive polyimide f lira After the toner image was transferred onto the 
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intermediate transfer medium, an electrically conductive urethane roller having a resistance of 10^ and a surface 
roughness of less than 5 m was brought Into contact with the IMR at the same peripheral speed, and a bias voltage 
off 42 kV (IMR - 300 V) was applied. The toner content on the IMR at this time changed with the number of il removal 
operations, as shown in Table 3 below. 





Amoun 
tofoU 


Oil 

removal 

rate 


Amount of 
soHda in 


SoUda 
content 


Before oil removal On IMR 


0.19 k 




0.10 b 


34.5% 


After oil 
removal 

On IMR 


Once 


0.13 k 


31% 


0.10 R 


43.5% 


Twice 


0.10 g 


23% 


0.10 b 


50% 


3 times 


0.09 g 


10% 


0.10 B 


52.6% 


4 times 


0.08 g 


11% 


0.10 b 


55.6% 


5 times 


0.08 e 


0% 


0.10 b 


55.6% 



[0088] These results reveal tiiat atxxit 30% of oil can be removed with a single oil removal operation on the inter- 
mediate transfer medium, indicating the effectiveness of the oil renxsval means according to the present invention. 
These test results also reveal, however, that the oil removal effects could be reduced when the solids content exceeds 
50%. After repeating tests of heating and fusing toner on the intermediate transfer medium under ttiese circumstances, 
2S it was found ttiat the oil corrtent entrapped in between ttie toner particles is brought to ttie surface as the toner is heated 
and fused. That Is, the oil content in the toner image can be further renxsved by performing oil removal in this state. 
Table 4 below shows ttie results of tests in which oil removal was performed twice at normal temperatures, and then oil 
removal after heating and cooling was carried out three times. 



|TBble4] 





Amount of 
oil 


Amonnt of 
solids in toner 


Solids 
content 


Before oil removal On IMR 


0.19 b 


0.10 b 


34.5% 


After oil 
removal 

On IMR 


Once (normal temp.) 


0.15 g 


0-10 B 


40% 


IVice (normal temp.) 


0.13 b 


0.10 b 


43.5% 


3 times (after heatine) 


0.07 c 


0.10 b 


58.8% 


4 times (after heatins) 


0.04 b 


0.10 b 


71.4% 


5 times (after beating 


0.03 b 


0.10 b 


77% 



45 [0089] These test results irviicate that oil can be renrxsved down to nearly 80% off solids content by removing oil after 
heating and fusing. The 4-color printing sequence in a device shown in FIG. 1 or 17 will be desaibed. referring to FIG. 
18 which is a conceptual diagram Illustrating changes in the state of toner on the intennediate transfer medium (IMR), 
and the state of oil removal. The toner for a first color is first developed and transferred onto the IMR (SI 0), and then oil 
is removed (S1 1). The state after oil removal is shown in Step S12. After tiiat, the solids content of toner Is heated and 

so fused In the heating device to reduce it to a film (S13). The toner for a 2nd color is then developed, transferred and 
superposed (SI 4), and oil is removed again (S15). Step SI 6 shows the state after the toner for the 2nd color is fused. 
By repeating this sequence for 3rd and 4tti colors, oil removal can bQ carried out while overprinting colors. 
[0090] In ttiis way, the most efficient oil removal can he acoonrplished by providing an oil removal roller maldng con- 
tact with the toner on the IMR, combining witii a means for heating and fusing the toner, and carrying out oil removal 

55 after fusing. 
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[Embodiment 3] 

[0091 ] Next, the state wtiere non-volatile oil is used as the prewetting agent will be descit>ed in the following. 
[0092] A liquid toner obtained by dispersing 20 wL% of ton r particles ha\nng an average particle size of 1 ^ m in 

5 Toray-Dow Corning silicone oil SH200-20cSt was used. The liquid toner also contained additives, such as dispersing 
agent and chemical destatidzer. The viscosity of the liquid toner changes with the content of dispersing agent The term 
viscosity used here refers to the viscosity at a point where the viscosity curve remains constant within the slip speed 
range of approximately 500 ~ 3000/s. As the prewetting agent, Toray-Dow Coming silicone oil SH344(2.5cSt) and non- 
volatile SH200-20cSt were used. 4 ~ 5 ^ m of these two prewetting solutions were applied to the photoconductive 

10 medium, and the development results were compared. 

[0093] The operating principle of toner development in nx>st of the conventional wet-type electrophotography has 
been proven arxi analyzed by electrophoresis that is caused by an electric field formed between developing electrodes. 
As shown by the equation, V = QE/6 ti ti (where V: electrophoresis speed of particles, Q: charge of particles. E: exter- 
nal field, r\: viscosity of liquid, a: particle size), the migration speed of toner particles is in inverse proportion to the vis- 

is cosity of the liquid. It is evident therefore that increased viscosity works against any high-speed development that is 
governed by the principle of electrophoresis. 

[0094] As preliminary tests. 30 |i m of a developing agent containing 20 wt% of toner solids and 40 |i m of silicone 
oils having different viscosity values of 2.5 cSt and 20 cSt were placed between two parallel flat electrodes having a gap 
of 70 )i m, as shown in FIG. 19, and waveform peaks of tiie toner migration current generated when a 600-V bias volt- 
20 age was applied across the electrodes were measured for comparison. As shown in Table 5, tiie results clearly reveal 
some delay in the peaks of the migration current when the silicone oil of 20 cSt was used. This was attritxited to the fact 
that an increase in the viscosity of a liquid reduces the migration speed of particles under tiie same toner/external field 
intensity conditions. It can be said that migration of toner particles under these test ooncfitions is an operation mode con- 
sistent with the principle of electrophoresis. 

25 



[Table 5) 



Viscosity off prew^ng 
oil 


Peak time of toner migra- 
tion current 


2.5 cSt 


39 ms 


20 est 


600 ms 



35 [0095] In order to cause toner particles to migrate at high speed in a solution having a high viscosity, development 
should be performed under a higher field intensity and over a shorter migration distance. To achieve this, an attempt 
was made to form a narrower gap (make the thickness of the prewetting layer thinner). As shown in FIG. 20, a 5 |i m 
thickness of a developer having a toner solids concentration of 20 wt.% was evenly applied to a developing roller, and 
4.5 )i m and 1 0 ^ m of silicone oils having different viscosity values of 2.5 cSt and 20 cSt as the prewetting agents were 

40 applied to the photoconductive medium. The results of development by causing the developing roller to make contact 
with the photoconductive medium under this state were shown in Table 6. 



[Table 6] 



Prewetting conditions 


Image density 


Image noise (fog) 


Image quality 


SH344(2.5cSt) 


4.5 ^m 


0.8 OD 


X 


Spots in image area 


10^1 m 


0.6 OD 


O 




SH200(20cSt) 


4.5 (im 


1.2 OD 


o 


Improved uniformity In image area 


10|im 


1.0 OD 


o 





[0096] As is evident from ttie table, a higher devefopment density was obtained with ttie use of a prewetting oil hav- 
55 ing a higher viscosity of 20 cSt during development where thinner toner and prewetting layers were provkled and a 
strong field was applied across a narrower gap. This is atbltxjiable to the fact that migration of toner particles was car- 
ried out without relying on the principle of electrophoresis under developing conditions where a high-concentration, 
high-viscosity toner was used, and a strong field having a steep gradient was formed in a gap as nanrow as 10 |i m. It 
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is conceivable that an electric doutk layer consisting of charged particles and surrounding reverse-polarity ions is 
polarized by the strong field, and the electrophoresis of individual particles is inhibited du to high toner density and oil 
viscosity, with the result that an operation mode close to the polarized transfer becomes predominant, with the toner 
l^er relatively retaining its layer state. When testing conditions were changed to a state dose to the test shown in FIG. 
5 1 9 by increasing the developing gap and setting viscosity to a lower value, on the ottier hand, It can be considered that 
the mode of electrophoresis where particles are dependent on the amount of charge ard oil viscosity becomes predom- 
inant. 

[Embodiment 4] 

1G 

[0097] When development was carried out by changing the viscosity of the cairier solution in the liquid toner to 1 GO 
cSt an image density above 1 .2 was obtained. When the content of dispersing agent was changed, however, a sharp 
reduction in image density was observed as the viscosity of the liquid toner was increased to more than 600 mPa 
When ttie viscosity of the liquid toner fell below 1 00 mPs * s, fogging took placa This is attributable to the fact that when 

75 the toner layer and the prewetting layer at the developing nip portion are placed in a developing field, a toner having too 
high a viscosity could not be attracted to the image area by the static force caused by a field, while a toner having too 
low a viscosity could not overcome the resistance of the prewetting solution flowing into the nip portion, or the resist- 
ance of the prewetting solution when the liquid toner layer is separated at the exit of the nip portion due to the lack of 
the hardness of the toner. This ooukJ lead to disruptions in the toner layer, or adhesion of the toner to the non-Image 

20 areas. Good image results were obtained when the viscosity of the toner is witiiin the range of 1 00 ~ 500 mPa • s. 

INDUSTRIAL APPLICABILITY 

[0098] As described above, the present invention makes it possible to remove excess prewetting solution and 
25 excess carrier solution in the developing toner layer before or after they are transferred from the photooonductive 
medium to the intermediate transfer medium, and control the replenishment of toner to the devefoping devk^e in a wet- 
type electrophotography apparatus using non-volatile, high-viscosity, high-concentration \k\uki toner. 

Claims 

30 

1. A wet-type electrophotography apparatus using a non-volatile, high-viscosity, high-concentration liqukJ toner as a 
liqukj developer and comprising 

an image carrier on which an electrostatic latent image Is formed. 
35 prewetting solution applying means for applying a film of prewetting solution on ttie surface of the Image carrier, 

arvJ 

a developing roller for feeding the liquid developer while making contact with tiie image carrier, and causing 
toner particles In the liquid developer to adhere to tiie Image carrier In accordance wHh an electric field formed 
between the developing roller and the image carrier, 
40 so that a toner Image formed on the image carrier Is transferred (firecHy to a printing medium, or to a printing 

medium via an intermediate transfer medium, 

said apparatus comprising oil removal means making contact with the toner image surface to remove from the 
formed toner image surliace oil consisting of excess prewetting solution and excess earner solution of the liquid 
toner. 

45 

2. A wet-type electrophotography apparatus as set fortii in Claim 1 wherein the prewetting solution is the same liquid 
as the non-volatile carrier solution of the Ik^uid toner, and the non-volatile solution is silicone oil. 

3. A wet-type electrophotography apparatus as set forth in Claim 2 wherein the viscosity of the silicone oil is 1 0 ~ 500 
50 mPa*s. 

4. A wet-type electrophotography apparatus as set forth in Claim 2 wherein the liquid toner is such that the viscosity 
thereof Is acfusted to the ranged 100 -500 mF^*8. 

55 5. A wel-type electrophotography apparatus as set fortii in Claim 1 wherein the oil removal means comprises an oil 
removal roller making contact with tiie toner image surface and rotating at the same speed as the contact surface, 
and means making contact witti the roller for removing oil adhering to the roller surface. 
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6. A wet-type electrophotography apparatus as set forth in Claim 5 wherein the oil renx>val roller makes contact with 
the toner image surface on the image canrier to remove toner particies suspending in the prewetting solution, 
together with the excess oil on the image carrier that may cause fogging. 

5 7. A wet-type electrophotography apparatus as set forth in Claim 5 wher in the oil removal roller makes contact with 
the toner image surface on the intermediate transfer medium to remove the excess oil on the Intermediate transfer 
medium. 

a A wet-type electrophotography apparatus as set forth in Claim 7 wherein the oa removal roller renrmes the excess 

10 oil after the toner has been heated and fused. 

9. A wet-type electrophotography apparatus as set forth in Claim 1 wherein the intermediate transfer medium com- 
prises an intermediate trar^fer belt; the intermediate transfer belt conrprising an oil removal roller, and heating 
means for heating and fusing the toner image on the intermediate transfer belt at a location after the intermediate 

IS transfer belt makes contact with the photoconductive medium and before the toner image is fused and transferred 
to a printing medium, and cooling means for cooling the toner image at a location after the toner image is fused and 
transferred and l>efore the intermediate transfer belt makes contact with the photoconductive medium. 

1 0. A wet-type electrophotography apparatus as set forth in Claim 5 wherein the oil renrxsval roller is elastic. 

20 

11. A wet-type electrophotography apparatus as set forth in Claim 5 wherein the oil removal roller is covered with an 
electrically conductive PFA tube. 

12. A wet-type electrophotography apparatus as set forth in Claim 1 wherein the oil removal means comprises an oil 
25 removal belt that makes contact with the toner image surface and rotates at the same speed as the contact surface. 

and means that make contact with the toner image surfoce to remove the oil adhering to the belt surface. 

13. A wet-type electrophotography apparatus as set forth In Claim 1 wherein the oil removal means comprises an oil 
renrK3val roller or belt that makes contact with the toner image surface and rotates at the same speed as the contact 

30 surfoce, and a blade that makes contact with the Oil removal roller or belt in a direction opposite to the rotation of 
the roller or belt. 

14. A wet-type electrophotography apparatus as set forth in Claim 13 wherein the blade is a ruk)ber blade or an edge- 
rounded spring-steel blade. 

55 

15. A wet-type electrophotography apparatus as set forth in Claim 1 wherein the oil removal means corrprises an oil 
removal roller or belt, with a bias applied to the roller or belt 

1 6. A wet-type electrophotography apparatus as set forth in Claim 15 wherein the oil removal roller or belt has a resist- 
40 ance of over 10^ Q and a current value of under 10 p. A. 

17. A wet-type electrophotography apparatus using as a liquid developer a non-volatile, high-viscosity, high-concentra- 
tfon liquid toner obtained by dispersing a predetemiined concentration of toner partkiles in a lAqM carrier; said 
apparatus comprising 

45 

an image carrier on which an electrostatic latent image is formed, 

prewetting solution applying means tor applying a film of prewetting solution on the surface of the image carrier, 
a developing roller for feeding the liquid developer while making contact with the image carrier, and causing 
toner particles in the liquid devefoper to adhere to the image carrier in accordance with an electric f ieU formed 
so between the developing roller and the image carrier. 

recovery means for recovering the liqukJ developer remaining on the suriace of the developing roller as a Oquid 
toner of a diluted concentration. 

means for regenerating the liquid toner having a predetermined concentration as the liquid developer by mixing 
the recovered liquid toner of diluted concentration with a high-concentration liquid toner in which toner particles 
55 are dispersed at a concentration higher than the predetemnined concentration at a predetermined ratio, and 

means for using the regenerated iKiuid toner as the Iquki developer. 

18. A wet-type electrophotography apparatus as set forth in Claim 17 wherein tiie means for regenerating the fiquid 
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toner comprises means for calculating printing duty on the basis of printing data, and means for determining th 
replenishments of the carrier and the toner particles by calculating the consunrption of the liquid toner on the basis 
of the dev loping efficiency and the printing duty supplied by the calculating means. 

1 9. A wet-type electrophotography apparatus as set forth in Claim 1 7 wherein the high-concentration liquid toner mixed 
with the recovered diluted toner comprises toner particles and carrier solution supplied separately. 
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Fig. 1 
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Fig. 2 
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Fig. 4 
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Fig. 7 
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Fig- 8 

Blade disposed in biting directin 

Making contact vith each other 
at same peripheral speed 




ion) 



Intermediate transfer medium or 



photoconductive medium 



Fig. 9 

Blade disposed in non-biting direction 



Making contact with each other 
at same peripheral speed 




direction) 



or photoconductive medium 



21 



EP0 997792A1 



Fig. 10 
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Fig. 12 
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Fig. 14 
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Fig. 15 
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Fig. 17 
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Fig. 18 
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Fig. 19 
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